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1. MMAP AND EXPERIMENT DESCRIPTIONS 


1.1 INTRODUCTION 

The concept of integrating a set of specific microwave experiments 
into one payload was developed during the study of the Spacelab Application 
Facility. This concept has come to be known as the Microwave Multi -Applica- 
tions Payload (MMAP) and consists of a set of Spacelab equipment shared by 
a number of experiments (presently, twelve). This system should provide a 
low-cost method of meeting a large number of experimental objectives by re- 
moving hardware redundancies. Furthermore, a synergism is obtained by a 
choice of experiments which will, in some cases, provide data to other 
experiments and enhance the mission results. 

A preliminary feasibility study of this concept has been carried out 
and the results are contained in this report. The initial objectives of this 
study have been to determine the minimum equipment requirements of MMAP and 
the feasibility of placing the numerous large aperture antennas in the Spacelab. 
The study was begun by reviewing the experimental objectives and techniques 
and determining areas of commonality. Emphasis was given to the determination 
of common RF equipment requirements. These requirements v/ere considered after 
agreement among the experimenters had been reached on limiting the number 
of frequencies to be used in the system. This was done so that the number of 
antennas, transmitters, and receivers could be minimized. The study, to this 
point, has considered in some detail the electronics system block diagram and 
the antenna configurations. 
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This report consists of five sections. The first contains tables 
which describe the experiments presently being considered for incorporation 
into HMAP. The second discusses concepts of the antenna configuration with 
descriptions of the antenna requirements for each experiment and weight and 
center-of-gravity estimates. The third section deals with the MMAP electronics 
requirements and describes the antenna and Spacelab pallet/module systems. 
Section 4 presents data relating to operational parameters with estimates of 
experiment time use. Schedule requ‘ o^^-^nts for the MMAP are discussed in 
Section 5 and the results of the st a summarized in Section 6. 

1.2 MMAP EXPERIMENT DESCRIPTION 

The experiments to be incorporated into the MMAP consist of active 
microwave sensors with some passive instrumentation. The equipments operate 
over a wide region of the electromagnetic spectrum and perform tasks related 
to Communications and Navigation as well as the Earth and Ocean Physics, and 
Earth Observations disciplines. Table 1 lists the experiments to be conducted 
on MMAP. Tables 2 through 13 and Figures 1 and 2 briefly describe each experi- 
ment. The tables list the responsible experimenter, objective, need, and 
experimental technique utilized for each experiment. 
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ELECTROMAGNETIC ENVIRONMENT EXPERIMENT 
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MILLIMETER WAVE COMMUNICATIONS EXPERIMENT 
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ADAPTIVE AAULTi-BEAM ANTENNAS EXPERIMENT 
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TABLE 3 

ATTITUDE/POSmON LOCATION I NTERFEROMErER 
Experimenter: A. Kampinsky 
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TABLE 6 

(VIETEOROLOG'.CAL RADAR 
Experimenter: J. Eckerman 
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4m X 5m X-band array. 
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SURFACE SPECTRUM RADAR EXPERIMENT 
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SURFACE SPECTRUM RADAR EXPERIMENT 
OCEANOGRAPHIC MISSION 




TABLE 8 

ATMOSPHERIC AND OCEANOGRAPHIC IMAGING RADIOMETER EXPERIMENT 

Experimenter: J. C. Shiue 
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TABLE 9 

SOIL MOISTURE AND SALINITY RADIOMETER EXPERIMENT 
Experimenter: J. C. Shiue 
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ANTENNA RANGE EXPERIMENT 
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DATA COLLECTION WITH MULTIBEAM 
Experimenter: L. Dcd 
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TABLE 12 

COOPERATIVE SURVEILUNCE BY SPACELAB RADAR 
Experimenter: L Roach 
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TABLE 13 
NAVSTAR/GPS 
Experimenter: J. Turkiewicz 
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2. ANTENNA DESCRIPTIONS 


2.1 INTRODUCTION 

The MMAP contains fourteen antenna sets shared by the experiments. 

In the present concept these antennas are mounted together in three groupings. 

They are: (a) the upper antenna cluster, (b) the lower antenna cluster and 

(c) the NAVSTAR/GPS antenna . The NAVSTAR/GPS antenna is mounted to the 

Spacelab on an extendable boom to view NAVSTAR satellites in high altitude orbits. 

This section of the report will describe the upper and lower antenna 
clusters, antenna mounting in the Spacelab and weight and center-of-gravity 
estimates. 

2.2 UPPER ANTENNA CLUSTER 

The upper antenna cluster is illustrated in Figure 3 and contains 
nine antennas which are listed in Table 14. The 3m x 3m array operates from 
0.4 to 0.5 GHz and consists of crossed dipoles v/ith a manifold feed to form mul- 
tiple beams. This antenna will be used by the Electro-magnetic Environment 
Experiment (EEE) and Data Collection with Multi-Beam (DCM) Experiments and will 
have several operational modes. One will be the formation of a number of narrow 
beams to be used for the DCM Experiment, another is a monopulse mode to be used 
for the EEE. The array will have both orthogonal linear polarization and right- 
hand circular polarization capabilities. 







TABLE 14 

UPPER ANTENNA CLUSTER 
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Interleaved with the elements of the 3m x 3m array are elements of a 
sub-array operating at 1.4 GHz. This sub-array will be used by the Soil Moisture 
and Salinity Radiometer to obtain a high efficiency beam {~85S5}. A beami'^idth 
fjf about 5° is required by this experiment and results in a footprint diameter 
of 35 km at nadir. 

Connected to the back of the 3m x 3m aperture is a 3m dish to be used 
by the EEE and Antenna Range Experiments. This dish is fed by a log periodic 
litonopulse antenna operating from 1 to 12 GHz with a beamwidth of 1.7 to 7°. In 
addition* a similar log periodic antenna pointing directly toward the earth will 
provide wide beam coverage in this band. 

A 1.5m diameter dish will be shared by the EEE and the Atmospheric 
and Oceanographic Imaging Radiometer. This dish operates from 12 to 26 GHz and 
is fed by an offset corrugated horn to provide a beamv/idth of 0.5° to 0.7° with 

f 

B5% efficiency. A similar corrugated horn will point directly toward earth to 
provide wide beam coverage at Ku- and K-bands. 

A 0,7m diameter dish* fed by a waveguide horn operating from 26 to 40 
GHz, will be used by the EEE and the Millimeter Wave Communications Experiment. 

A similar waveguide horn, operating in the same band, will provide a wide angle 
view. Finally, a 0.3m horn will provide frequency covera'ge from 40 to 100 GHz. 

These antennas are mounted together with an electronics bay containing 
down-converters, amplifiers and switches. This entire assembly is mounted on a 
set of two-axis gimbals with either rotary joints or flexible joints at the 
azimuth and elevation rotation points. Elevation must be variable over + 180° 
so that each antenna in the cluster can be brought into position. Azimuth is 
continuously variable over 360°. The azimuth gimbal is mounted on an electronics 
bay which contains transmitter power amplifiers and additional down-converters 
and amplifiers. The electronics are described in greater detail in Section 3. 

2.3 LOWER ANTENNA CLUSTER 

The lower antenna cluster is composed of a 4m x 5m aperture, a 2m x 2ni 
array, a 0.3m x 0.3m array, and an X-band interferometer. This concept is shown 
in Figure 4. The 4m x 5m aperture will be used by the Meteorological (Met) Radar, 
Surface Radar, and Cooperative Surveillance Experiments. This aperture oper- 
ates at X-band and is composed of interleaved transmitting and receiving sections. 


2-4 



FIGURE 4 

MMAP LOWER ANTENNA' CLUSTER 



2x2 M ARRAY 0.3x0.3M ARRAY 
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A t" r 2m electronically steered array, operating at L-band, and a 0.3m x 0.3m 
arriv* operating at X-band, Is mounted to tht; bottom of this aperture. An X- 
band interferometer, which will provide accurate position /^nd attitudr/ inform- 
ation for the Met Radar, Is pi aped at the top of the 4m x 5m aperture. 

This lower cluster contains an electronics bay and is mounted on an 
azimuth gimbal. When the Met Radar is being used, the cluster will bo oriented 
with the 4m x 5m aperture in the plane of the tail of the Orbiter so that near- 
field interference will be minimized. This will require that the Orbiter fly 
with a 45° yaw angle with respect to the velocity vector to provide the proper 
ground footprint. The 4m x 5m aperture v/ill be rotated to provide a conical 
or partial -coni cal scan pattern when the Surface Radar is operated. The 
mechanical azimuth steering will also increase the flexibility of the Cooperative 

Surveillance and the Adaptive Multi-Beam Antenna Experiments. The utilization 
of each antenna is summarized in Table 15. 

2.4 PHYSICAL CONFIGURATION 

Figure 5 shows the MMAP mounted in the Space! ab with the antennas in 
the deployed position. Spacelab equipment shown consists of three 3-meter pallets 
and a short pressurized module although other concepts, including some without 
a pressurized module, are being considered. In this concept, the upper antenna 
cluster is located on top of the lower antenna cluster so that Orbiter tail 
obstruction of beams from the upper antenna cluster is minimized. Some obstruc- 
tion of the lower antenna cluster occurs, but this is of minor importance. 

Of greater concern, however, is near-field interference of the lower antenna 
cluster from the tail and from the pressurized module. This interference 
may be minimized by locating the base of this lower cluster near the center of 
the three pallets. 

In stowed position, the base of the lower cluster must be moved 
toward the., aft end of the bay as the antennas are folded, as shown in Figure 6. 

The deployment sequence consists of first partially rotating the upper/lower 
cluster assembly, then sliding the base of the lower antenna cluster forward on 
a track. This is followed by complete rotation of the uppor/lov/er cluster 
assembly to a vertical position and raising the antenna? above the pallets. 
Finally, the 2m x 2m and 0.3m x 0.3m arrays are unfolded and the NAVSTAR/GPS 
h’ crms raised and extended. 
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ANTENNA UTILIZATION 
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2.5 WEIGHT AND CENTER-OF-GRAVITY 

Estimates of the weights of the components of MMAP are shown in 
Table 16. These weights are very tentative and have been computed to give 
an estimate of the center-of-gravity (c.g.). The c.g. position is very 
critical and must be carefully considered in planning the payload configura- 
tion. Figure 7 shows the area in c.g, - weight space which would contain any 
point generated as the weights are allowed to vary + 505S from the estimates 
given in Table 16 (the positions are assumed fixed). It will be noted from 
Figure 8 that this area is within the area which may be accommodated by either 
a three pallet-short module Spacelab arrangement or a five pallet arrangement. 
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TABLE 16 

MMAP WE I GKT ESTIMATES 






CG Position (m) 

Upper Antenna Set 

Weight 

Weight 

(Ref. from 


(lbs) 

(lbs) (Kg) 

forward and 




cargo bay) 

1 , 3m Dish 

50 



2 . 1.5m Dish 

30 



3. 0 .7m Dish 

10 



4 , 3 X 3m Array 

125 



5 . Gimbals 

100 



6. Electronics & Other Ant. 

300 



7, Structure & Mi sc. 

300 



Sub-total 

(915) 

900 400 

10.4 


II. Lower Antenna Set 

1 . 4 X 5 m Array 

2 . 2 X 2m Array 

3 . 0 . 3 X 0 . 3m Array 

4. Structure 

5. Gimbal 
Sub-total 


III. 

Antenna Deployment Structure 
(~l/4 Antenna Weight) 

500 

225 

115.0 

IV. 

Pallet Mounted Electronics 

500 

225 

12.0 

V. 

Module Mounted Electronics 

1000 

450 

6.6 


Total Weights 
Total CG Position 

3900 

1750 

11.8 


800 

50 

25 

200 

100 

(1085) ICOO 45 0 16.0 
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3. ELECTRONICS 


3.1 INTRODUCTION 

Most of the MMAP electronics equipment is used by more than one 
experiment. Each experiment generally will have a dedicated signal processor* 
however. To date this study has concentrated on the antenna electronics 
requirements although concepts of the general electronics equipment require- 
ments have been considered. This section of the report will discuss the 
electronics mounted in the antennas and, in less detail, the electronics 
which will be mounted on the pallets or in the pressurized module. 

3.2 ANTENNA ELECTRONICS 

A block diagram of the antenna electronics required for MMAP is 
shown in Figure 9. The upper antenna bay contains the upper antenna cluster 
apertures, lov/-noise amplifiers, down-converters, IF amplifiers, switch 
networks, and frequency synthesizers. The weight of this equipment should 
be minimized to meet requirements' for rapid antenna scan. Since the 
down-converters and switches decrease the number of channels carrying infor- 
mation from the antenna cluster to the pallet, this minimum weight require- 
ment must be traded-off with the necessity of minimizing the complexity 
of the azimuth and elevation rotary joints. The rotary joints must also 
carry reference RF signals for the generation of local oscillator signals 
in the upper antenna bay and various data, power, and telemetry signals to 
control and energize equipment in the bay. Moderate transmitter power is also 
transferred through the rotary joints for use in the Antenna Range Experiment 

(ARE). These rotary joints require careful study. 

Below the upper antenna cluster is another electronics bay which 
contains other down-converters and amplifiers which may be necessary to over- 
come rather large cable losses between the antennas and the pallet. Frequency 
synthesizers and RF pov/er amplifiers will also be located in this bay. 
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Thi» electronics systems associated with the L-band 2m x 2m array 
and the X-band 0.3m x 0.3m array are similar. These systems consist of the 
antenna elements connected to sets of phase shifters which are driven by 
pointing control systems. The phase shifters may be used to steer the beams 
both on receive and transmit, although further study of this concept is 
required. The phase-shifters are connected to a set of duplexers. The 
transmit signals are derived from a set of variable gain amplifiers, driven 
by a power taper control. The inputs to these amplifiers are provided from 
a common power source through power dividers. A pre-amplifier is mounted on 
the pallet. 

The receive outputs of the duplexers are fed 'Into a set of down- 
converters and IF amplifiers. IF PIN-diode attenuators allow power tapei'ing 
of the receive beam. These outputs are then summed and the IF's from the 
two arrays are then combined for common signal processing. 

The outputs of the 4m x 5ni receive array are fed into a Butler 
matrix to form a series of beams. The output from each beam is then down- 
converted and amplified. Because of the large number of beams, some signal 
processing may be required at the antenna to minimize the number of signals 
through the lower azimuth rotary joint (n*l). The transmit array is driven 
by a power divider and a pov/er amplifier (P.A.) mounted at the array. This 
P.A. must be near the aperture to compensate for cable losses. 

3.3 SYSTEM BLOCK DIAGRAM 

The MMAP Systems Block Diagram is shown in Figure 10. A central 
frequency synthesizer provides reference signals to the antenna synthesizers 
while other outputs are used as local oscillators for the four receivers and 
as reference signals for up-converters and modulators. This synthesizer 
also provides timing reference to the data processor. The upper antenna 
receiver is shared by five experiments: the Soil Moisture and Salinity 

Radiometer, Atmospheric and Oceanographic Imaging Radiometer, Millimeter 
Wave Communications, Electromagnetic Environment, and Data Collection with 
Multi -Beam Experiments, each of which has its own processor. The 4m x 5m 
array receiver is shared by four experiments which each have their own 
processors. These experiments are the Met Radar, Surface Spectrum Radar, 
and Cooperative Surveillance Experiments. 
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The Adaptive Multi -Beam Antenna Experiment (AMBA) receiver output 
goes to the AMBA processor which samples the system operation and transfers 
information to the AMBA modulator. The modulator output is pre-amplified 
on the pallet and transmitted to the AMBA antennas. The radar modulator 
drives the radar pre-amplifiers which feed the 4m x 5m transmitter antenna 
for the Met and Surface Spectrum Radars. The Attitude/Position Interferometer 
and NAVSTAR/GSP Experiments have dedicated receivers and processors, 
although further study may indicate that these systems may be combined. 

The outputs of the signal processors are transferred to a common 
data processor. This data processor also receives inputs from the command 
receiver and possibly a tape recorder. Data outputs are to the recorder and 
telemetry transmitter as v/ell as to a variety of display equipment. 


3-5 



4, MMAP OPERATIONS 


4.1 ORBITS AND OBSERVATION TIt€S 

Table 17 indicates various parameters v/hich are useful in developing 
specifications for the MMAP antenna and experiment requirements. Figure 11 
shows the antenna pointing angle required to track a fixed ground target, 
on Orbiter ground track, as a function of time. At time t - 0, the Orbiter 
is directly above the target and at the dashed line the Orbiter passes over 
the horizon. This data is utilized in Figure 12 to determine the maximum 
observation time of a fixed target for an antenna with limited pointing 
angle. This figure indicates that antennas of small maximum pointing angle 
have very short observation time; for example, at a 400 km orbit, an antenna 
with +^25° maximum pointing angle can track a ground target for 40 seconds. 

4.2 ESTIMATED EXPERIMENT TIME USE 

Table 18 summarizes the estimated experiment time use. Experiments 
which operate for short periods of time are limited by either beam size or 
by maximum pointing angle. Experiments conducted over the United States 
will be able to make observations for 10 to 20 minutes per orbit. More 
study is required to determine orbital timelines and their impact upon 
equipment requirements. 
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POINTING ANGLE TO A FIXED TARGET ((H VS. TIME 



Time (Sec) 










FIGURE 12 


MAXIMUM OBSERVATION TIME VS. 
MAXIMUM ANTENNA POINTING ANGLE 
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5. MMAP TASK DESCRIPTION AND SCHEDULE 


Table 19 summaries the initial tasks v/hic*h must be considered in the 
near future. To date> items 1 through 2. a have been examined to some depth. 
Figure 13 illustrates the major tasks v/hich must be carried out during the 
time period 1975 through 1981, assuming a 1981 launch. Figure 14 shows the 
schedule required over the period from July 1975 through September 1976 to 
define the MMAP mission. Finally, Figure 15 illustrates the tasks which must 
be carried out immediately to define a strawman payload. 



INITIAL PAYLOAD DEFINITION TASKS 
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TABLE 19 

INITIAL PAYLOAD DEFINITION TASKS (CONT) 
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FIGURE 13 
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6. SUMMARY 


The study indicates that the physical size of the many large antennas 
required by these experiments can be accommodated by the Shuttle payload bay and 
that the Shuttle center-of~gravity requirements can be met. The results also 
shov/ that the experimental objectives may be obtained by equipment which can be 
shared by several experiments, with only a small amount of hardware dedicated to 
specific experiments. The results indicate that the MMAP is feasible and can 
be an ecoriDmical method of achieving a large number of experimental goals. 

Other concepts of the MMAP are presently under consideration and 
should be studied in greater depth. Among these is a modular concept in which 
parts of the MMAP may be flown on a particular mission with other experiments. 
As an example, one module might consist of the Upper Antenna Cluster and its 
associated electronics. This module could meet the requirements of six of the 
tv^elve experiments and vjould occupy only one pallet. Other concepts are being 
investigated which do not utilize the pressurized module so that additional 
instruments may be Installed In the forward section of the bay. 

Study in greater depth o"^ these and other variations of the original 
concept should be carried out in the near future. The tasks required are out- 
lined in Section 5. 
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